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INTRODUCTION 


The record of fatalities from mine explosions in the United States 
during the past 4 years has been the best in the history of the mining 
industry, despite the fact that the number of fatalities from this cause 
during the past fiscal year now is nearly double that of the previous 
year. During these 4 fiscal years, mine explosions have resulted in an 
average of 45.5 deaths per year, compared with an average of 153 deaths 
per year for the preceding 5 years; an average of 542 deaths per year 
for the 3 years 1907-1909, inclusive, and a yearly average of 265 deaths 
per year for the 20 years prior to 1929. Other types of mine accidents 
also have been reduced during this period, but not to the same degree 
or by as large a percentage as mine explosions. The fact that in this 
fiscal year ended June 30, 1937, electricity was responsible for 60 
percent of the explosions and 85.5 percent of the fatalities resulting 
therefrom (see tables 3 and 4) is evidence that either mine operators 
are lax in providing proper electrical equipment or there is laxity in 
the upkeep and use of electricity in our mines and more particularly in 
our coal mines. 


Several large coal-producing States that in the past have had 
numerous disastrous explosions have been free from such disasters for 
continuous periods of as long as & years. The bituminous mines of 
Pennsylvania, one of the largest coal—producing States, give a good 
example of what can be done to prevent explosions. This State, with its 
large number of operating mines, many with very definite hazards from 
gas or dust or both, has had only two major explosions (resulting in 16 
fatalities) during the past 7 years; this is a decidedly good record 
compared with any similar period in the past and when it is considered 
that during this period about 750,000,000 tons of coal have been produced. 
Other good records are: Tennessee, without a single fatality from ex- 
plosions during the past 9 years; Alabama, with 6 fatalities during the 
past 7 years; Illinois, with no explosions during the past 4 years; and 


1) The Bureau of Mines will welcome reprinting of this paper, provided 


the following footnote acknowledgment is used: "Reprinted from Bureau 
of Mines Information Circular 6986." 

2/ Chief, Health and Safety Branch, Bureau of Mines, Washington, D. C. 

3/ Mining engineer, Safety Division, Bureau of Mines, Pittsburgh, Pa. 


6080 


Google 


I.C. 6986 


Utah, with no explosions during the past 7 years. These are trilv re- 
markable records. compared with past records of these States, and an indica- 
tion of what can be and should be done in other States, as the above 
mentioned States have coal-mining conditions as hazardous as to possible 
explosions as are found in any other State or States of the Union. 


Mine explosions are the least excusable of all types of mine accidents, 
because it is now definitely known that the factors that contrihute to 
explosions are subject to control; in fact, they are under control in | 
hundreds of naturally hazardous coal mines in the United States. That this 
is true is shown by the fact that the mines with the most hazardous condi- 
tions as to gas or dust seldom have explosions or fires, and mine disasters 
almost invariably occur in properties that give off relatively little 
explosive gas and are looxed upon as essentially non-gassy. In 19 of the 
20 explosions that occurred during the past fiscal year and were investi- 
gated by Bureau of Mines' engineers, inadequate or interrupted ventilation 
was the primary cause of the gas accumulations the ignition of which 
prompted the explosions. Since the proper ventilation of a mine is the 
responsibility of the operating officials in charge of a mine, the. 
responsibility for failure of ventilating is largely theirs, even though 
employees are often guilty of contributing negligence in one way or 
another. If ventilation of mines is adequate and properly controlled and 
maintained, the number of explosions will be negligitle; this does not 
mean that coal dust can be ignored as a hazard in either well ventilated 
or poorly ventilated mines, since coal dust can be ignited even when no 
methane is present, regardless of the effectiveness or noneffectiveness . 
of ventilation. Nevertheless, it is definitely true that effective venti- 
lation is largely of employer responsibility; and if adequate ventilation 
was effective always and everywhere, coal-mine-explosion disasters would 
be pet eeey a thing of the past. 


SUMMARY OF MINE EXPLOSIONS, BY STATES aND CAUSES 


-Table 1 summarizes essential data on 20 explosions that occurred in 
eight States and resulted in 62 deaths during the fiscal year ended June 
50, 1937. This table includes information on all explosions in coal mines 
in the United States that were brought to the attention of the Safety 
Division of the. Bureau of Mines during the fiscal year, and it is believed 
to include every explosion in woich life was lost or a considerable damage 
resulted. The 20 explosions during the year were five fewer than were 
investigated during the previous year; however, the number of deaths (62) 
was 24 more than in the previous year. 


The States with the ereatest number of deaths from explosions during 
the past fiscal year were West Virginia, 36; Pennsylvania, 14 (5 were in 
anthracite mines); Arkansas, 5; Oklahoma, 3; Virginia, 2; and Colorado and 
Washington, 1 each. West Virginia had the greatest number of explosions, 
&; Pennsylvania had 5 (4 in anthracite mines): Washington had 2; and 
Arkansas, Colorado, Oklahoma, Tennessee, and Virginia had 1 each. 
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Five major explosions, resulting in 47 deatas, occurred during the 
fiscal year 1937 (one mine accounted for two of these, both of electrical 
origin). (4 major explosion is one in which five or more men are killed.) 
During the fiscal vear 1°% 0 there were two major explosions, which resulted 
in 17 deaths. Eight of tne 20 explosions that occurred during the past 
fiscal year did not result in fatalities. 


Fifty-three persons were killed during tne past fiscal year in ex- 
plosions initiated by electricity, compared with 20 deaths the previous 
year and an average of 21 deaths per year for the preceding 5 years. 
Deaths from explosions due to electricity increased substantially during 
the past year Over any year of the nrevious five; hcwever, this is a sub- 
stantial decrease from the average of 130 deaths per year from explosions 
of electrical origin during the period 1929-1931, inclusive, the numter 
being 143 in 1931 and 154 in 1930. ‘There were 12 electrical ignitions 
during 1937, compared with 5 such ignitions the previous year and an 
average of 13.5 for the previous 8 vears. The greatest number of electri- 
cal ignitions (six) occurred in West Virginia and resulted in 35 fatalities; 
Pennsylvania had two, with 9 fatalities; anc Arkansas, Colorado, Virginia, 
and Washington had one eacn, with a total of 9 deaths. 


During the fiscal vear 1937, five ignitions were caused by open 
lights or smoking (two of which were in anthracite mines), compared with 
17 during 1936 and an average of 11 during the previous 8 years. Deaths 
due to explosions caused by open lights or smoking last year numbered 3, 
compared with an average of 25.5 during the previous 8 years. Ignitions 
caused by open Lights or smcking were distributed as follows: Pennsyl- 
vania 2, with no deaths; Oxlahoma 1, with 3 deatns; Tennessee and Wash- 
ington 1 each, with no deaths. Fewer deaths nave resulted from explosions 
caused by open lights and smoking during the past 4 years than in any 
other U-year period in the history of mining in the United States. This 
decrease has been brought about chiefly by the elimination of open lights 
in many mines, both gassy and so-called nongassy, and by the materially in- 
creased use of electric cap lamps, not only because of their' much greater 
safety than open lights in avoiding initiation of explosions and fires but 
also because of their much more efficient and dependable: light. 


Only one explosion during the past fiscal year was caused by explo~ 
sives (and it resulted in no loss of life), compared with an average of 
4.3 explosions and 18.5 deaths during the previous 8 fiscal years. This’ 
is a new low record and is believed to be due to the wider use of per- 
missible explosives as well as to the extension of education in safe 
practices in the use of explosives. 


Two explosions from miscellaneous or unknown causes resulted in six 
deaths. One of these was in a Pennsylvania anthracite mine and one in 


West Virginia; tne latter is reported to have been caused by ignition of 
gas by a frictional spark from a blow of a hammer on a bolt. 
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RECORD OF MINE EXPLOSIONS, BY STATES 


Table 2 shows the record of explosions by States during the past 9 
fiscal years. During the 9-year veriod, 247 ignitions caused 956 deaths, 
an average of 27 bu ignitions and 106.22 deaths per year; hence, the 
number of ignitions (20) and deaths (62) during the past year war much 
less than the average for the 9 years, and 7 fewer ignitions and Lu fewer 
deaths were caused by explosions last year than the average for the 9-year 
period. For this period, Pennsylvania heads the list in total number of 
known ignitions (76) with the largest number of deaths (1857); West Virginia 
is next on the list with 47 ignitions and 142 deaths; and Oklahoma, with 
only 12 ignitions, had the next largest number of deaths (126) and had no 
known ignitions during 5 years of this period; it would appear that in- 
adequate provision is made in Oklahoma mines not only as to ventilation 
and ignition agencies, but also that rock dusting and similar practices to 
prevent spread of explosions are anything but adequate. It is of interest 
to note that during this 9-year period Arkansas, Kansas, Maryland, and 
Wyoming had one ignition each, with a total of 11 deaths for the four 
States: Tennessee had 4 ignitions without a fatality in the 9 years; Kansas 
has not had a known ignition for the past 8 years, and Utah for the past 
7 years; Arkansas was relatively free of ignitions for the 9 years until 
a major disaster occurred during the past fiscal year; and Maryland has 
had a very good record, with but 1 ignition and 1 fatality during the 
period in question. 


The average number of deaths per ignition during the past 9 fiscal 
years is 3.87, with a range for the various States from none to 10.67 
deaths per ignition. States with the most deaths per ignition during the 
past 9 years are Ohio (10.67), Oklahoma (10.50), and Virginia (7.80), 
in which States relatively little attention is given to rock-dusting or 
to the use of closed lights and to precautions with electrical equipment. 
The following coal-mining States and territories are not listed in table 
2, as they are not known to have had an explosion during the past 9 fiscal 
years: Alaska, Iowa, Michigan, Missouri, Montana, North Dakota, and Texas. 


CAUSES OF EXPLOSICNS 


Table 3 gives data on causes of explosions in the United States 
during the past 9 years as reported to the Safety Division of the Bureau 
of Mines by its field investigators. In all, 247 exolosions have been 
studied during the 9-year period, an averaze of 27.4 explosions ver year. 
There were 2O explosions during the past fiscal year, 5 fewer than during 
the previous year and 7.4 fewer than the average for the 9 years. Electricity 
accounted for 100 (40.5 percent), and open lights or smoking for 93 (37.6 
percent), or a combined total of 78.1 percent of the explosions during 
this period were started by ignitions due to electricity, open lights, 
and smoking. 
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The number of explosions of electrical origin during the past year 
(12) is slightly more than the average of the preceding 8 years (11), while 
the number caused by open lights or smoking (5) has decreased materially 
from the average of 11 from those causes during the previous 8 years. This 
indicates rather definitely that the rapid introduction of the use of 
electric cap lamps has brought about much greater safety as regards igni- 
tion of gas by lighting, but the increase in celectricial ignitions may 
(probably does) indicate that with introduction of the electric cap lamps 
there are relaxations in ventilation, with the result that some, at least, 
of the ignitions formerly caused by open lights are now caused by care- 
lessness Of various kinds with ventilation and electricity. 


Table 3 shows that the number of exvnlosions caused by explosives has 
decreased gradually during the past 9 years, only one having occurred 
during each of the last two fiscal years. Unauestionably, there have been 
numerous explosions caused by explosives during the past 9 years besides 
the 36 listed, as many explosicns originating from tlasting, which do not 
result in death or serious property damage, may not come to the attention 
of the Safety Division versonnel; it is also possible that some explosions 
que to explosives anc with single deaths may escape the attention of Bureau 
of Mines investigators. The favorable reduction in explosions caused by 
explosives may be attrituted chiefly to the increased use of permissible 
explosives, to safe practices in the handling of explosives, to improved 
ventilation, and to more intensive supervision now being given some phases 
of coal-mining practice. | 


Of the two explosions listed under unlmown or miscellaneous causes, 
one is reported to have been caused by a spark from a blow of a hammer on 
a bolt, although this is problematical and debatable; the cause of the 
other explosion under this classification was unknown. : 


EXPLOSION FATALITIES, BY CAUSES 


Table 4 compares explosion fatalities by causes and shows that during 
tne past 9 years ah6 fatalities have resulted from explosions in mines of 
the United States, an average of 105 per year. The record for the past 4 
years, an average of 45.5 per year, is by far the best since records have 
been available. The reduction in fatalities from explosions during the 
past 4 years has not been brought about through a marked decrease in the 
munber of explosions, but rather by a decrease in their severity. The 
average number of deaths per explosion during the first 5 years of this 
O-year period amounted to 5.0, while the average during the last 4 years 
has been 1.9. The reduction in the severity of explosions has been 
brought about largely by tne use of rock dust to prevent widespread 
explosions and by the use of water on cutter bars of mining machines to 
prevent coal dust from getting into suspension in the air. 
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Explosions of electrical origin were responsible for 58 percent of 
tie deaths from explosions during the past 9 years; during the past fiscal 
year, 85.5 percent of the fatalities from explosions were of electrical 
origin, which is considerably more than the average. The fact that 
electricity continues to lead the list of causes of explosions in mines is 
evidence of the continuance of lack of respect for the hazard of electric 
arcs in the presence of gas and dust. The fact that during the past fiscal 
year 53 persons were killed in explosions of electrical origin, against an 
average of 21 deaths annually from this cause during the 5 previous years, 
is decidedly ominous, and cur coal-mining people would do well to take 
steps to guard against the electrical hazard. The rapid increase in the 
introduction of electrical equipment underground during the past few years 
is likely to result in heavy increase in explosions of electrical origin 
unless greater attention is given to precautionary measures in the use of 
such equipment. In view of this obvious fact, it would appear that no 
electrical equipment exceot that known to have all available safeguards 
should be allowed in mines, and this would automatically restrict the use 
of electrical equipment in mines to that given the rigid safety tests of the 
Bureau of Mines. , 3 


Open lights and smoking caused explosions that resulted in 208 deaths 
and ee percent of all fatalities due to explosions during the past 9 fiscal 
years. ‘Three deaths, accounting for 4.8 percent of all fatalities for the 
year, were due to explosions during the past fiscal year. A substantial 
decrease has been shown in the number of fatalities due to explosions 
caused by open lights and smoking during the past 4 years, when an average 
of 5.2 deaths per year is recorded, compared with an average of 37.4 deaths 
ver year during the preceding 5 years. Four of the five explosions caused 
by open lights during the past year resulted in no deaths. At the mine 
where the explosion caused three deaths, closed lishts are usec; but a 
carbide light, used to lisht shot fuses, ignited gas during an attemnt to 
light a fuse; it is difficult to understand the reasoning of an operator 
who will install electric cap lamps and then permit the use of carbide 
Lights to light fuse or to allow smoking or use of open types of electrical 
equipment at the face region in a mine that is definitely known to be 
gassy or even one in which gas is known to occur occasionally or in certain 
places or under certain conditions, 


During the past 9 years, 148 deaths (15.7 percent of all deaths due 
to explosions during this period) resulted from explosions caused by the 
misuse of explosives. No deaths from explosions resulting from the misuse 
of explosives are known to have occurred during the past fiscal year, and 
there was a very marked reduction during the previous 4 years, with a total 
of 9 deaths, compared with a yearly average of 28 deaths during the first 
5 years of the period. Unquestionah’:*, explosives practices are being im- 
proved greatly, especially in so far as the initiation of explosions is 
concerned; however, much remains to be done before it can be stated truth- 
fully that explosives practice in mining (coal or metal) is anything near 
being safe. 
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During,the past 9 years, 41 persons were killed in mines in the United 
States in 18 explosions due to miscellaneous causes or causes not ascertained 
by the Bureau of Mines. During the past year one explosion in an anthracite 
mine, causing 5 deaths, was classified as being of unimown origin, and one 
in a bituminous mine was classified as miscellaneous. It is often difficult, 
if not entirely impossible, to determine definitely the cause of an explo- 
sion, because usually the persons implicated in the origin are killed, and 
in many cases surrounding conditions are changed to such an extent or are 
of such nature that availuble evidence cannot reveal the cause. 


ELECTRICAL CAUSES OF EXPLOSIONS 


Table 5 gives a "break-down" of data available to the Bureau of Mines 
relating to-details of the causes of explosions of electrical origin in the 
United States during the past 9 fiscal years. During the period there were 
100 ignitions of electrical origin, with 12 ignitions causing 53 deaths 
during the past fiscal year. The greatest sources of electrical ignitions 
in coal mines are trolley or cable-reel locomotives and nonpermissible 
mining machines, wnich, jointly, were responsible for approximately half 
of the electrical ignitions during the 9-year period and for two-thirds of 
the explosions during the past fiscal year. The trolley and cable-reel 
Locomotive and the nonpermissible electrically operated mining machine 
(undercutter, overcutter, or shearer) are menaces that should not be allowed 
to continue their inroads on tne lives of underground workers. In addition 
to the explosion hazard, these locomotives and their wires and, possibly 
to a less extent, the mining machines cause dozens of deaths to mine 
workers annually through contact with the electrical current. Unquestion-— 
ably, the trolley system should be swierseded by storage—battery loco-— 
motives or possibly Diesel engines or some other relatively safe system, 
even if this is to be done with a slight sacrifice of efficiency; and 
there is reason to believe that efficiency, if predicated on all of the 
surrounding facts and factors, will be raised rather than lowered; and 
certainly it is anything but logical to continue the rapid increases in 
se of electrical machinery at the gassy, dustv face region of mines 
without requiring that all such machinery (including mining machines) should 
ce of permissible types and that they be kept in permissible condition 
and used in a permissible safe manner. | 


The practice of "nipping", while fairly widespread, is hazardous 
in the extreme and should be prohibited in all mines; and there is good 
reason to believe that not only safety but efficiency would be served if 
mining machires were equipred witn storage—battery equipment not only for 
operation in cutting but also to propel the machines safely and expeditious— 
ly from place to place and thus remove the hazards and delays due to nipping 
and eliminate the dangers, celays, and other wasteful features of the 
trailing cable and power lines. 


During the past fiscal year trolley locomotives were responsible for 
five explosions, nonvermissible mining machines for three explosions and 
cable nips, faulty wiring, trolley wire, and signal wire were responsible 
for one explosion each. 


60£0 ee ee 


Google 


=o | 0309 


*SUTHOWS BOIS useq eaey Aeu yng ‘papntou] 

°40US PasIeyoleao WOTs us0eq eaey ACM * [S404 UT POEPNTOUT 4ON 
*SUTHOWS WOLJ ueeq aeaey ACM $T[L4O} UF PepNyTOUT you suc 
*4USTT uedo Worsy useq oaeYy ACM £TeYO} UT paepnTouUT you eugO 


Telelon [ale [alels [ole [xe foe 
ee he ane ce eae (Ome a = fe 


lee A 2 19 6 Gt Teusts 

eere cece resenetosese nr Of 14098TT 

eeeeceesessoseorTM AIT TOLL 
cee cee eroeecsecoese se MITITA £4 TO8g 

eee OTLI4O09TO eTatsstuszeduon 

Se 

| 


aA] 


om 


T 
2 es 


{ed 
1a 
| wo or 
Ww 
freicm f 
1un GQ 
e 


he eet ee 


av 
rd 
q 


£1944eVQ-eFB104s a (aTssTusaduon 
°**TTT Ip Of1Z0eTS STQIsstuseduoy 
***san0-MOTG aTQeo to sdtu e {qed 
coeeeeseereecosooanrnogItTo 10 L194 
-4@q Sutsltj-jous eTqrsstuseduon 
"°° JO10WU OTLYOOTA VTqTsstuseduoy 
***SsuTYyoeM SuTuyu eTqtsstTuloduon 
SATJOWOOOL [see1-eTQeo Jo AaT TOI] 


! 
! 
J 
Cu 

t 


Se 
S/T 
ET[ZL ot sxe bt [St] Sf6T] TLST [OL6T] 6e6T | asne) 


PeT{ty [ SL@oA Teosty Aq 
LOQuniy Iequuy | *Teqjog ‘SUOTYIUST [POTIZO8TS JO requmy 


BATSUTOUT “/¢5T 04 6267, Ssaxeok TESST “SuotTsoTdxse fo sasneo Tests 400lk °G WIdVa 


9269 “O°! 


oogle 


G 


I.C. 696 


In most electrical iznitions that have otcurred during the past 9 
years there has been evid2nce cf carelessness in ventilation through doors 
left owen on wain or iavortant haulage entries or line brattices in poor 
conditiun or not rear enough to the face. Other factors concerned in 
these electrical isniticns were (1) failure to test for gas tefore going 
into working place with mining machine or electric drill; (2) use of 
electrical equipment too sovn after mine fan had been started after a 
perind of shut-down; and (4) use ef havlascways as return airways, this 
practice alwars being nactardovs in the extreme, esrecial'ly where electricity 
is used, wnuetner in gascy or co-called nongassy mines. 


<Ta2B EXPLOSIONS OCCURED 


Table 6 gives cata as to methods of Llicshtins in mines where explosions 
have occurred during tne past 9 fiscal years, and it is observed that of 
the 29 explosions listed £5, or 32.2 yercent, were in open~lizht mines; 
that 142, or 57 nercent, were in closed-light mines; and that 12, or 4.8 
percent, were in mines in wnich the lighting practice was unkmown. During 
the rast fiscal year five (25 percent) of the explosions occurred in open- 
light mines, a considerable reduction comnared with the average of the 
nreceding 6 vears (11+). The fact that during the past fiscal year 70 
nercent of the explosiors occurred in closed-light mines and that during 
the nast 37 vears 57 percent of all exnlosions occurred in mires using 
closed Jights may be interpreted in several ways, and probably the moct 
nearly correct explanation is that in most States gassy mines are required 
to use closed lights; therefore, it is most likely that closed lights are 
need in mines where the explosion hazard is at a maximum. The fact that 
most of the explosiors do occur in mines where closed lights are used, 
added to the fact that, so far as known, there isn't even one case of an 
explosion started br an electric cap lamp, indicates carelessness in 
connection with other explosion—prevention mnetnods and practices in at 
least some closed-liznt mires. Among these evicences of carelessness one 
of the nost evident is a gross lack of aprreciation of the hazards of 
inatleaguate ventilation, witn attentent lack of amnreciation of the numerous 
nazards of electricity as evidenced bv use Of norvermissitie or open tyves 
of electrical equipment and installations in hanlaze, cutting, loading, 
drilling, and other operations performed at the most gassy or ecusty places 
in mines — the face rezion enc the haulage roads. Also, explosions are 
initiated in closet—lignt mines by smokers! matches: by the use of fuse 
in putting eff clasts; ty nonpermissitle exmlosives such as pellet powder 
or granular olack dlastin= powders; by tne very cangerous method of nipping 
of mining machines, trolley, and other loconotives; Dv onen tyres of 
electrical switches, etc., and there nave been rumerous cases in wnich the 
use (or perhaps it should be termed the misuce) of the flame safety lamo 
ras precipitate. gas ignitions in closed-light mines. There is 300d reason 
to believe that in manv mines in which closed lignts are adopted, tndue 
deperdence is placed thereafter on the lamps, with more or less flazrant 
nezlect of ventilation and other precautionary measures. The present—day 
tyres of electric cap lamys are sare and dependable and, in addition, give 
a vastly freater amount of light than any other portatle miners light yet 
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FATALITIES 


Average yearly fatalities 
over 5-year periods 
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Figure 1.— Fatalities from gas and coal-dust explosions in bituminous-coal 
mines, 1906 to 1936, inclusive. 
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devised; they cdo not, however, corstitute a panacea for all of the hazards 
incidental to mininz and should not be required to be. 


SYPLOSIONS IN BITUMTNOVS COAL MINES 


The graph shows the fetalities resulting from sas and coal-dust 
explosions in tituminous coal mines in the United States during the 
calendar years 1906 to 1936, inclusive. The trend was downward from 1°07 
to 1921, with a marxed rise from 1921 to 1924 and 2 definite, fairly © 
Steady, downward trerd from that year to date. It is rather significant 
thet every alternate yecr cince 192! has shown an increase in the number 
killed over the vreccding year, although the gencral trend hes been down- 
ward. A possible explanation is that a yeer vith relatively low explosion 
fatality record provatly causes a certain amount of relaxation of accident- 
prevention effort during the following year, and conversely, one or more 
explosion disasters tends to act as a spur toward the taxing of pre- 
cautionary measures. 


Tae tabulaticn on tne grapn giving averaze yearly fatalities fron 
diturinsus coal—mina gis and dust explosions over 4-year periods from 
1%6o-LO to 1931-35 is illuminating, showing, as it does, a heavy and 
fairly steadv decreace in annual fatalities from 436 for the 5-vear period 
SCS-1O to 65 for the year period 1931-35, a decrease of 85.2 percent. 
the si=mificance of this is seen from the fact that if the rate of ex- 
Plosion fatalities for the 5-year period 1906-10 (438 per year) had 
continued through 1°35, 13,i40 lives would nave teen lost from this cause 
Instead of 7,£00 (the aporoximate number actually lost); if the rate of 
Occurrence of such accidents in the 5-:ear period 1231-35 (65 per year) 
had been in effect from 15C6 to the end of 1935, tne total would have been 
Oniy 1,950 instead of the apvroximately 7,800 tnet actually were killed. 
Additional sisnificance attaches to the fact that during the past four 
calerdar years, 1933-36, inclusive (see the granh), the fatalities from 
cCal-mine Cisasters in the United States averazed but 42 per year; and 
1? this is compared with the average of 478 annually for the 5-year 
Peri0d 1906-10, inclusive, the reduction is $2.7 percent; or, in other 
vords, where 1C0 persons were beinz killed in coal-mine disasters in the 
periog 1906-10, inclusive, only 7.3 have been killed so in the past four 
caler dar years. Tnese fisures give a startling picture of the prorress 
coe been mace in the reduction of the coal—mine cisasters in the 
— States since the Bureau of Mines was commissioned by Congress in 
~310 to try to reduce the annual death toll from that cause. 


MItm FIRES 


te of the hichly combustible nature of coal, timber, and other 

always. S Toind or usea in mines, the potential hazara of a fire is 

the Oe Sereas in every mine, coal or metal, and this is true even vhen 

used < ie classed as damp or even wet. , some coals and other Rasen ats 

a very Pasa ignite SEO a our under certain conditions, which creaves 

ans ee situation where such coals are being mined or such materials 
“5 but the most prolific causes of ignition of mire fires are 
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electricity, exolosives, and even lignts. Althouse fire hazards are always 
present, the mines of tne United States have been fortunate during the 
past decade in that thoy have not exrerienced a fire that caused large 
loss of life; hovever, a number of fires heve involved considerable property 
damazce, and during the past few vears mine fires have teen causing more 
than usual loss of life, especia’ly in coal minss, where the victims are 
far more likely to be killed ty treatning tne noisonous gases than by 
contact with the fire or its heat. Althoushi mach can te done to prevent 
mine fires, some companies cortinue to envioy methods or equipment that 
have caused and very lilely will continus to cause Tires in their mines, 
such as tne uce of tlack powder or fuse; slinsnod methods of installing, 
using, and maintainirg electrical eauirment; continuei use of open lishts; 
the pernitting of smckir's; and other loose, unsafe, or out-of-date mining 
equipment, methods, and srastices. 


During the past fiscal rear el fires were callei to tne attention of 
the Bureau of Mines; scores of other fires were detected and extinguished 
promptly without much danage or were handled auietly and in some cases more 
or less secretly ty tne mine involved, so thet their occurrence was not 
mads known to tne Bureau of Mines or to the genernl public. 


Table 7 shows that durirg the past fiscal year California, Kentuchy, 
and Pennsylvania eacn renorted three fires; Indiana and “ew Mexico each 
reported two fires; and Alabama, Arkansas, I@ano, Illinois, Missouri, 
Virginia, Washington, ari Wroring eacn rerortei one fire. Of the 21 fires, 
5 were in metal mines ani cone in a construction tunrel. Eleven fatalities 
resulted from these £1 fires: in one instance nine men were overcome by 
carbon monoxice while ettenotins to seal off a fire, and in anotaer two 
men were overcome urdergrounc from a fire in tne tipole. anlectricity 
caused five of the fires ani exvlosives three. Of tne 13 fires listed 
under miscellaneous causes; 3 wera protably cauced by svontaneous combus-— 
tion; 1 was probably of ircendiary crigin: 6 were of unm’mown origin: 2 
were outcrop fires of lons standing: and 1, in a metal mine, is thought to 
have started from a discarded lizated cicarette. The three fires charged 
to explosives were caused by flize from black iovier in pellet form 
igniting the coal. The total metber of fires (23) resorted to the Bureau 
of Mines during tne fisenl year 1247 about equnls the average for the 
preceding /years;hovever, the deaths caured by fires durinz the past year 
(11) were more than the average for this period (7+). In at least one 
instance the loss of life was unnecessary, as the men who were killed 
apparently took no precanrtionary measures to test for or suard against 
poisonous gases. 
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It is interesting to note that of the c5 major conl—mine-fire 
Cisasters (with a total of 566 fatalities) since 1290, only four (with 
23 deaths) have occurred since 1221; that no major coal-mine~fire disasters 
occurred in the United States from 1920 to 1933, inclusive: and that one 
occurred in March 1234 with 5 fatalities, one in May 1°35 with 6 fatalities, 
and one in August with 9° fatalities. The occurrente of three major mine 
fire disasters during the past 3 years (19374, 1325, andA 1°36), with 
total of 20 deaths, tozctner with the fact tnat none occurred in the 
preceding 8 years, ‘vrovulc indicste that proper precautions are not being 
taken in the han@line of mine fires, especially in protecting worxers 
from poisonous or asnhyxiating gases from the fires. ‘This indicntes that 
our coal-mining peonte, tarouzh lonzs immunity from harm to employees 
through mine fires, ¢itrer have become neglivent or nave forzotten mucn 
of tne krmnowlicd.ce of tne hazards of mine fires anc of safe anc efficient 
practices and methods of preventing them and of hancling them when thev 
do occur. 


BU) ae 


The decrease in frecuency and severity of explosicns in the United 
States during tne past 40 years hes teen encouraszing and indicates that 
efforts to prevent explosions have been larzely cuccescful. The record 
for the past years has deen especially fuod: nowever, the fiscal year 
1937 shows a consideracle increase in the mimter of fatalities from ex- 
plosions, compared with tne three previous years, and this is a trend tnat 
causes considerable concern to those interested in safety in tne mines 
of the United States. ‘The frequency of explosions has not decreascd at 
the same rate as has the severity, and in at least some instances it is 
only good fortune that more men have not bern killed. The decrease in 
severity of explosions apocars to indicate that greatcr precautions are 
now being taxen to prevent widespread explosions, some or them being roc- 
dusting and the use of water on the cutter bars of mining machines, as 
vell as the use of more e*Ficient ventilation in holding fas accumula- 
tions to a minimum quantity and trus decreasinz tneir "kick". 


The years 1918, 13°05, 1921, 1921, 19%%, 1934, 1235, and 1936 have 

the best records for ma; ae explosions and fires in mines in the United 
States; during the fiscal year 1°37 there were aa major explosions 

and one major fire, waich resulted in 56 deatas: in 19% cnly two major 
disasters occurred, in wnicn 17 were xilled; a 1 1°35 there were also 
two major disasters with 50 Geaths. The matericl cCecline in the frequency 
and severity of explasicns during the past 6 years is believed to be due 
primarily to (1) increased vigilance of the various State mine- inspection 
cepartments, especially in educational work, and a damand for more rigid 
adherence to State laws ard to safety practices far beyond the strict 
letter of the law; (2) grovinz realization of tha ecoronie waste of all 
accidents, including explosicns, inersasing mowledze of tne fact that 
mines accidents of all kinds can readily be reduced at least 50 percent 
and possibly more than 75 percent, and more or ltss feneral acceptance by 
the mine operators of resvonsibility for accident occurrence; and (3) wide- 
spread dissemination of safety data by the Sursau of Mines and other orzan- 
saustniess larzely to the promotion of safetv in the mining and allied 
ndustries. 
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Some salient points brought ovt in the study of mine explosions and 
fires in the United States by the Safety Division of tne Bureau of “Mines 
for the fiscal year ended June 30, 1977, are} 


1. ‘Twenty explosions were studied, 16 in bituminous mines and in 
anthracite mines, compared with 25 in 1935 ard a yearly averase of 2%.2 
in the previous § fiscal years. 


2, Explosions took 62 lives in the fiscal year 1947, compared with 
22 in 1936 and an annual average of 110.5 in the previous § fiscal years. 
The 4 explosions in antnracite mines resulted in 5 deaths, while the 16 
explosions in bituminous mines resulted in 57 deaths. 


3. The 5 major exclosions caused 47 deaths, while the 15 minor | 
explosions caused 15 deaths; in six of the explosions no deaths occurred. 
Two of the major explosions, causing c& deaths, occurred in the same mine, 
both being initiated by electricity. 


4. Four explosions occurred in open—light mires, compnared with 15 
in 1936 and a yearly average of 11.2 in the previous 8 fiscal years. 
Twelve explosions were in close@d-lizat mines, comared vith 9 in 1936 
and a yearly averascc of 16 in the previous 8 fiscal yours; as in previous 
years, several explcsions in closed-light mines wcre initiated by open 
flames (matches used by smovers or to light flame safety lamps, carbide 
lizhts used to ignite fuse in blasting, etc.). 


5. Twelve explosions, causinz 53 deaths, were of electrical origin, 
compared with 5 exvlosions and ¢O deaths in tne previous fiscal year. 
Explosions of electricel origin averased 11, with o2 deaths, annually for 
the previous € vears; major ex>losion Ainaatevs caused dy siieeerioit: 

shoved a very definite tendencz; to increase in the past fiscal year, and 
this should cause serious concsrn to the mining people of the United 
States. 


G6. Four of the five major explosions that occurred during the vear 
were of electrical origin; the cause of the other, in an antnracite mine, 
is unszrnown. 


7. Open lights and smoking caused 4 explosions anc 3 deaths in 1757, 
ae. with 17 explosions and 10 deaths in 1°%6 and an averace of 11 
explosions and e5.6 deaths durins the previous § fiscal years. ‘Two of 
tacee explosions were in anthracite nines and one was in a closed-—light 
rituzinous mine where carbide liznt vas used to lignt shot fuse. 


8. Gne explosion, vith no deaths, was avi sey ed to black nowder 
Gurins the vast year, comrared with 1 Senposien and + dcaths from this 
cause in 1936 and an averaze of 4.3 explosions and 126.5 deaths during the 
Erevious 6 vears. ‘Tne one explosion caused bt tlac’s powder was the only 
yurely dust explosion revorted. During the past 5 years there has been a 
gradual decline in both the freauency and severity of eyplosions caused by 
exnlosives, tnough numerous accidents cortinue to occur because of ex- 


plosives fumes, missfires, premature blasts, unsafe storase of explosives, etc. 
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9. Rock dust was used to some extent in at least six mines in wnich 
explosions occurred @uring tne past year; in three of these mines rock 
dust is credited with beins a factor in preventirg the soreat of the ex- 
slosion, and it appears possible that as many as 30° lives were saved 
because of the rocx custing that had Deen Cone. 

10. <All but one of tne explosions durirs the tast year are tnought 
to have been initiated ty cas, incicating taat our mining people nave not 
yet arrived at a satisfacterv method of handling explosive gas. 


ll. “The underlying cause of all but one of the explosions that 
occurred during 1°37 was defective ventilation, waicn was manifest in toth 
open-lizht and closed-lignt mines. Necmlect of ventilation in closed—Lisht 
mines is very lixely to result in disaster and should rot te countenanced 
in any degree; comnon sense demards thet no miné, gassy or noengassy, coal 
or metal, should te allowecé to operate on an over-lisht besis. 


le. The severity of explesions last year was reduced approximately 
25 percent, compared ty the average for the preceding 8 years; however, it 
was a considerable increase over tne prececing 7 vy ars. The average number 
of deaths per explosion last year wus 3.1, commarea with an average of 
4.0 deaths per explosion for the preceding 8% years. 


13. The 62 deaths cnrused by explosions during the fiseal year 1237 
occurred in / States; 20 of the cosl—producing States had no fetalities 
from this cause, and several of these States have cefinitely hazardous 
conftitions as to possible occurrence of explosivzns. 


\ e . e ® o e + © 

14. During tne fiscal year 1937, 21 mine fires (including 5 metal- 
mine fires) witn 11 deatns were reported, compared with an average of 
24./{ fires and 7.4 deaths for the preceding 7 years. 


15. Several fires with loss of life in small mines, both coal and 
metal, were caused by ignition of timber surface Bemicinee located at 
the mine opening, ard usually the fatalities were due to poisonous gases. 
The placing of flimsily constricted timber structures at mine portals 
without taking acedvate precautions, by doors or otherwise, against entrance 
of a surface fire or its gases to the mine is little snort of criminal. 


16. Entering poe at tine of fire or sana ne fire has apparently 
teen sealed witnout takins adequate precautions inst poisonous or 
asphyxiating Sases cost okie lives in totn: 041 and metal mi nes; and 
in view of the carelessness with wnicn this type of worx is now being 
Gone, it appears that ee, our mining neovle tare more adequate pre- 
cautions in these matters the loss of life dueto fire in both coal and 
metal mines is likely to mount. 


l/. Far too much depencence is beins placed on the carbide lamp in 
both coal and metal mines as a warning arent against deficient atmospheres 
lixely to be found in mines at time of or after mine fires. The carbide 
light coes not give adequate warning under such eenditions, and several 
E28C 00s 
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lives have been lost relatively recentl; by deperding unduly on it as a 
warning agent. 


13, Mine fires, even relatively small ones, are decidedly dangerous 
in any mine, but more especially in a coal mine, as they may precipitate 
explosions; and this is true as to sc-called nonzassy as well as to gassy 
mines, some very serious mine explosions with heavy loss of life having 
occurred in the past few years in foreign coal mines when handling mine. 
fires; and the relatively reccnt record (estecially for the nast 3 years) 
indicates that our coal mining poople Should increase thefr carefulness in pre- 
verting and hardling mine fires. 


COMNSLUSICNS 


This circular was conriled in essentially the same manner as were 
those of previous years (sce Information Circulars 6178, 6419, 6540, 6680, 
6761, 6819, 6879, and 627) and embodies only facts revealed through 
studies by field emplovees of the Safety Division of the Bureau of Mines. 
Al.taough the Pureau cf hiines attempts to obtain information concerning 
every explosion that occurs in the United States, some of the less 
destructive may not have been brought to its attention early enough to 
vermit investigation. Fowever, the Pureau rarely fails to acquire fairly 
complete details cf mine explosions in which more than one life is lost or 
in wnich a consideratle anount of proverty is damaged; therefore, the data 
in these putlications are relatively complete, esvecially as to explosions 
ceusing loss of more than one life. 


The data on mine fires are by no means as complete as those on erx- 
vlosions, and there is reason to believe that scores of fires in both coal 
and metal mines occur annmially without the knowledze of the Fureau of 
iwines or even the State inspection forces. Mine fires occur almost daily 
ir some coal mines, particularly at snot-firing time or when the coal 
Fires spontaneously, and fires of electrical orizin or those caused by 
open lights are not unusual in metal mines, 


A study of data availacle on mine explosions in the United States 
during the past 2° vears reveals an encouraging reduction in the frequency 
and severity of these disasters. However, the past year showed a sharp 
increase in severity for wnich there was no good reason. If the good 
record of the past 4 vears is to be continued, strict vigilance will have 
to be emploved over tne factors that contribute to explosions; the most 
important factors are the maintenance of adesuate uninterrupted ventila- 
tion and the restriction or possibly the elimination of gas— or dust- 
igniting agencies. 


In the 20-year perisd preceding 1929, mine explosions and fires took 
an average toll of about 2&5 lives annually in the United States: since 
then the annual average nunber of fatalities from explosions and fires has 
been reduced to 114. The fiscal vear 1934 established an all-time low 
record; only 34 fatalities reswlted from explosions and fires, compared 
with 73 fatalities from these causes during the fiscal year 1937. An 
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analysis of the record for the fiscal years 1934, 19%5, 1936, and 1357 
demonstrates that evplosions can be largely if not wholly prevented ana 
that loss of life from them can be reduced greatly; the occurrence of mine 
fires with loss of life seems to te incréasing sonewhat during the past 

5 wears, and our mining people should by all means "tiehten up" in pro- 
cedure, looking to the prevention of mine fires or to safe handling of them 
if they should occur. ‘The mining industry snould not be satisfied until 
explosions and fires have teen essentially eliminated, and this can be 
done if mining people utilize readily available equipment, practices, and 
procedures. 


The reduction of fatalities aue to gas and dust eryplosions in 
bituminous coal mines from an averaze of 438 per year in the 5-vear period 
1900-10 to 65 per year in the 5-rear period 1931-25, a decrease of 85.2 
percent or an averace decrease of about 2.8 percent per year, shows what 
can be done. There is ansolute’y no reason why the above trend should not 
continue, with virtualiy the ultimate elimination of this type of mine 
accident in bituminous mines within anotner 5 years; morv2over, what the 
bituminous industry accomplisned in prevention of gas and dust explosions 
sould be accomplished as reacily in all tynes of mines, including anthra- 
cite properties, ant also in metul mines ard nonmetallic mincral mines. 
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